Expression of the receptor MPL and proliferative effects of its ligand thrombopoietin on human leukemia cells.
Thrombopoietin (TPO) is a recently characterized growth and differentiation factor for megakaryocytes and platelets exerting its effects via the receptor MPL. We examined the expression of MPR on the cell surface of a panel of 43 myelomonocytic, erythroid and megakaryocytic leukemia cell lines and 21 primary acute myeloid leukemia (AML) cases by flow cytometry. With few exceptions MPL was found on all 32 erythroid/megakaryocytic cell lines and on all 11 growth factor-dependent myelomonocytic cell lines, albeit at variable percentages and intensities per cell population (with a 10% cut-off level for positivity still 30/43 cell lines scored as MPL positive). The majority of the primary AML samples (including all seven M6/M7 cases) expressed the MPL protein regardless of the morphological and immunological subtype (13/21 cases had >10% MPL-positive cells). Recombinant TPO overexpressed in hamster cells induced a mitogenic response in seven cell lines (one growth factor-independent and six factor-dependent lines) and in 3/21 AML specimens (two AML M2, one AML M7) as measured by 3H-thymidine incorporation. Expression of MPL clearly did not correlate with response to TPO. For further detailed studies of the interaction of TPO with other cytokines we used the AML M7-derived M-07e cells as an informative indicator cell line for which both murine and human TPO acted as a very potent mitogen in a dose-dependent fashion (3- to 11-fold proliferation increase relative to medium alone). This growth factor-dependent cell line which is normally cultured in conditioned medium containing several cytokines could be grown in long-term culture supplemented only with TPO. Co-incubation of M-07e with various cytokines and TPO showed additive proliferative effects for interleukin-3 (IL-3) and granulocyte-macrophage colony-stimulating factor (GM-CSF) and synergistic responses for stem cell factor (SCF), interferon (IFN)-alpha, and to a lesser extent for IFN-gamma and tumor necrosis factor (TNF)-alpha. Erythropoietin (EPO), IL-1, IL-6, IL-11 and leukemia inhibitory factor (LIF), know as megakaryocytic maturation-inducing molecules, were not substantially effective, neither singly nor in combination with TPO, with regard to cell growth. Transforming growth factor (TGF)-beta1 antagonized the inductive effect of TPO on M-07e cell growth. Addition of TPO to cultures of megakaryocytic cell lines failed to significantly alter the ploidy distribution and the differentiation marker immunoprofile of the cells indicating a lack of maturation-inducing effects in this model system. In summary, TPO represents an efficient in vitro potentiator of megakaryocytic leukemia proliferation of at least some primary cases or cell lines. While TPO seems to be the major physiological regulator of megakaryocytopoiesis, the present data suggest also some proliferative effects on certain leukemia cells, apparently on non-megakaryocytic leukemia cells as well, thus assigning to TPO a possible pathobiological role in leukemogenesis which would be of clinical relevance. Our data show that the response to TPO is not restricted to cells committed to the megakaryocytic differentiation pathway as we could demonstrate TPO-responsive megakaryocytic and non-megakaryocytic cell lines; thus, these cell lines represent powerful tools in such analyses. Consequently, this new cytokine needs to be properly examined so we can get a clear understanding of the clinical possibilities and dangers.